Introduction
The Hong Kong government used to adopt a laissez-faire policy to promote economic development in Hong Kong, but since 1997 promotion of R&D and innovation has been given high priority on the policy agenda (Liu, 2008; ITC, 2004) .
In order to come to terms with the rising economic strength of Mainland China, some in Hong Kong, both from the private and public sectors, feel that Hong Kong needs to develop its own innovation and technology capabilities in a few fields to become an "innovation hub" in the region (Sharif and Baark, 2008) . In so doing, Hong Kong may be able to capitalize on the manufacturing muscle in the mainland, the Pearl River Delta (PRD) in particular. have grown in number (see Section 3). However, questions remain as to the extent to which more active innovation policies have produced significant positive results (Liu, 2008) .
The central question of this paper is how the Hong Kong government can reshuffle its public research funding system and innovation governance in order to boost innovation. In general, innovation governance has become an increasingly important issue and a key challenge for OECD member countries. To address this issue, it requires developing the necessary institutional set-ups, procedures and practices for agenda setting and prioritisation, implementation and policy learning (OECD, 2005) . Innovation governance involves many issues, but this paper focuses on the way the Hong Kong government, particularly the ITC, administrates R&D funding schemes and the ways in which the research institutes interact with the funding agencies.
A Snapshot of R&D in Hong Kong
This section highlights some stylized features of R&D in Hong Kong, though some more detailed analyses can be seen in the Appendix.
Hong Kong, despite being one of the high-performing East Asian economies, has not been very active in R&D and technological innovation. Its R&D expenditures in 2006 amounted to HK$ 11.95 billion (about US$ 1.54 billion), accounting for 0.81% of GDP. This percentage is relatively low by international standards, and lower than its major neighbouring economies, Taiwan (2.58%) and Mainland China (1.42%).
However, a positive trend was the growing momentum of the private (business) sector in R&D investment. The business sector accounted for 53% of the total R&D expenditure in 2006, and has overtaken the higher education sector to become the major R&D performing sector since 2005. On the other hand, the government sector, including the public R&D institutions, has played a minor role as an R&D performer, with its R&D share being as low as about 2.08% in 2006, though the government remains an important source of funds for R&D. Of note is the fact that despite a publicized commitment by the government to the stepping-up of R&D activities, the R&D expenditure invested by the government either fluctuates over time or at most grows at a modest rate.
A close look at R&D expenditure in the business sector by industry sector suggests a predominant role played by the service industry. Hong Kong-based enterprises with R&D activities were mainly clustered in two broadly-defined industry sectors, namely, (1) the wholesale, retail and import and export trades, restaurants and hotels sector; and (2) the financing, insurance, real estate and business services sector. These two sectors contributed 58% and 24% of the total R&D expenditure in the business sector respectively, followed by the manufacturing industry (6%). However, an additional part of R&D for manufacturing may be hidden in the wholesale, retail and import and export trades, restaurants and hotels sector because R&D activities in this sector are predominantly performed by trading firms with sub-contract processing arrangements. As for the financing, insurance, real estate and business services sector, R&D activities undertaken by the constituent firms were mainly related to information technology. This peculiar feature mentioned above has much to do with de-linking of R&D and manufacturing locations. This issue has spurred some controversies related to public R&D funding, to which we shall return later.
In addition, there seems to be a mismatch between public R&D and private R&D, especially in terms of the strategic areas selected by the ITC for the R&D Centre two areas contributing to 42.5% and 33.6% of the total private R&D respectively. On the other hand, for such areas as Chinese medicine and nanotechnology, the R&D investment of the private sector is negligible.
The business sector in Hong Kong is engaged substantially in R&D outsourcing.
In 2007, a total of HK$3,223.7 million was spent by this sector in R&D outsourcing, with its size being more than half the total business R&D expenditure. The wholesale, retail and import and export trades, restaurants and hotels sector as a whole was not only involved substantially in R&D outsourcing but also spent 93.9% of the total expenditure for outsourced R&D activities (HK$ 2.44 billion) to parties outside Hong Kong. This type of R&D outsourcing also accounted for about 74.8% of the total expenditure for outsourced R&D activities by the finance, insurance, real estate and business services sector, the second largest R&D performing business sector. In terms of the geographical and organizational patterns of the performing parties of the outsourced R&D concerned, intra-corporate cross-border network, especially within the PRD Economic Zone, is the dominant type of R&D outsourcing adopted by the Hong Kong-based firms/establishments. This is consistent with the above-mentioned significance of Hong Kong-based trading firms with sub-contract processing arrangement in the wholesale, retail and import and export trades, restaurants and hotels sector. Table 2 ) is the field that is most funded across programmes under the ITF, followed by the so-called foundation industries and biotechnology. Technologies has made a quick and significant progress in funding R&D projects. 
Hong Kong Public R&D Funding

Innovation Governance of Hong Kong Public R&D Funding
A central theme to the paper is the governance of Hong Kong's public R&D funding, which this section intends to address.
Public R&D Investment and Portfolio
It is widely perceived that R&D investment and R&D intensity in Hong Kong is quite low by international standards and compared to its peer economies, with its R&D intensity being as low as 0.81%. As a matter of fact, despite a publicized commitment by the government to the stepping-up of R&D activities, the R&D More problematic is the way in which the government has spent the R&D expenditure. In our view, the resource allocation of public R&D in Hong Kong is intrinsically short-term. Although with strategic focuses, the R&D initiatives funded by the Hong Kong government are by and large short-term-oriented, dispersed and of reactive type focused on the individual programme-specific level. Hong Kong's public R&D lacks a long-term orientation and integrated R&D and innovation initiatives, or "innovation policy" in a broad sense. For example, although ASTRI is positioned to conduct applied R&D, due to the low innovation capabilities of traditional electronics SMEs in the Pearl River Delta, ASTRI has to develop technologies to an almost product-ready level, so that the recipient companies can apply the technologies developed directly to their production processes (Liu, 2008, p.5) . Even ASTRI, the flagship research institute, admittedly is mainly doing development work, not genuinely forward-looking research because of the short time spans of the projects. In addition, not all of the R&D centres supported by the ITSP are truly engaged in R&D activities, with some of them functioning simply as a project office. As a result, the R&D Centres Programme remains a reactive source of funding, even though the R&D centres currently have five years of funding.
In contrast, an important lesson from the OECD member countries has taught us that "Budgetary practices often promote short-term thinking and in some cases undermine strategic, long-term policy making" (OECD, 2005, p.8 Finnish businesses and society. In the individual strategic centres, companies, universities and research institutes will work together to formulate a jointly-agreed research plan. The plan will aim to meet the application needs for practical application by member companies within a 5-10-year period. In addition to shareholders and public funding organisations will commit themselves to providing funding for the centres in the long term. Another good example is Singapore's "holistic" approach to the development of a leading centre of excellence in biotechnology, which does not just involve funding initiatives but requires a good combination of vertical programmes and horizontal programmes for the strategic areas (Vonortas, 2008) .
To go a step further, if Hong Kong is to become an innovation hub in the region, in a few selected areas, the government needs to facilitate the development of distinct capabilities and networking linkages that can prevail in the region or become a true centre of excellence. Indeed, with globalisation, support for clusters is also evolving with a view to creating world-class "nodes" to link to global innovation value chains rather than geographically bound clusters. Linkages and co-operation between regions both within and between countries are becoming more important" (OECD, 2008) . We therefore would like to argue that if the ITC and the research institutes in Hong Kong continue to devote most of their resources and efforts to short-term industry-oriented R&D or problem-solving adaptive R&D, it will not be possible for Hong Kong to become an innovation hub in the region. On the contrary, it is imperative for public R&D in Hong Kong to have a more balanced R&D portfolio, at least spending certain portion of the public R&D investment in long-term strategic topics that may involve new architectures and systems and business models, in which some of the Hong Kong-based firms have a role to play. However, for this kind of R&D activity to take root in Hong Kong, particularly inside the research institutes, a more flexible governance relationship between the funding agencies and the research institutes is required.
In our views, the Hong Kong government should at least invest a certain portion of the public R&D expenditure in service innovation the systemic service innovation in particular, so that Hong Kong may build strength on strength and serve as a "testbed" for brand new service innovation. In this way, Hong Kong may be able to better serve its residents as well as China by leveraging indigenous innovation and local needs, and eventually export services to China and the rest of the world. To our knowledge, Hong Kong has managed to win the franchise bid to run an underground route in London. Hong Kong as a large metropolis creates sophisticated demand for urban services that can trigger service innovation. The success of the "Octopus Card", though based on Sony's technology, is a good example in this regard and it has expanded its usage coverage to Shenzhen. In addition, the plan to merge Hong Kong with Shenzhen to form a mega city in the future will be likely to pose challenging issues that will spur innovation. In fact, some professionals in Hong Kong endorse this idea of "testbed" and suggest that the digital TV services may provide a good chance for Hong Kong.
It is worth a while to note that systematic innovation of services entails large-scale transformation of the services as well as the goods involved. As demonstrated by den Hertog (2001) , systemic service innovations require at least four elements in place, including new service concept, new client interface, new service delivery system and technological options, together to redefine the role of the key actor involved and to serve the new value proposition (see Figure 2) . Therefore, when promoting systemic service innovations, the government needs to adopt a holistic and flexible approach, which will be different from that to the promotion of manufacturing-centric R&D or technology-centric initiatives. 
Figure 2 A Four Dimensional Model of Service Innovation The Funding Mechanism and Institutional Arrangements
As vividly illustrated in the literature of national innovation systems (NIS), the way in which the diverse innovation actors of a national interact with one another within the NIS may be affected by the incentive schemes and institutional arrangements and may thus lead to different innovation performances (Freeman, 1987; Lundvall, 1992; Nelson, 1993; Chang, Liu and Yang, 2004) . Therefore, even though the R&D initiatives orchestrated by the ITC have expanded the number of funding mechanisms and institutional arrangements, the way in which the research institutes interact with the funding agencies remains an issue of particular concern. Below we would like to discuss some of the relevant issues raised during our interviews in Hong Kong.
Though funded by different schemes, nearly all of the research institutes in Hong
Kong are positioned to conduct industry-oriented applied research. The problem is that the funding schemes administrated by the ITC are by nature short term-oriented, dispersed and the reactive type, as discussed above. As a result, the research institutes are deficient in their R&D portfolio and short of capital for making strategic investment. Taking ASTRI as an example, its research projects are supposed to meet three conflicting criteria at the same time: innovative, with commercial value and with funding span from twelve to eighteen months. As a result, ASTRI tends to be constrained to pursuing development work and/or me-too projects. This is compounded by the ITC's requirement of 10 % of industrial contribution basically for each project because the business sector in Hong Kong generally has a strong preference for short-term profitability.
In contrast, such a research institute as the ITRI in Taiwan, with financial support from the Department of Industrial Technology (DoIT) at the Ministry of Economic Affairs (MOEA), can propose and conduct long-term R&D projects of up to four or five years although annual reviews for checking progress are still conducted. In addition, DoIT's funding schemes for research institutes provide the latter with opportunities to conduct different types of research and/or strategic investment, ranging from pioneering technology research, the building-up of infrastructure required and large-scale R&D facilities in order to meet their long-term and strategic needs (see Table 4 ). More importantly, the assessment procedures can vary across different types of funding schemes. In particular, the assessment procedure for the Pioneering Technology Research Program is conducted by the ITRI itself 3 in order to provide appropriate room and flexibility for the formation of more creative projects. For the R&D schemes under the ITF, the ITC explicitly requires industrial sponsorship for each project, not less than 10% of the total project cost, with an aim to ensure industry-orientation. Local professionals, particularly those in the R&D centres and universities, consider this requirement troublesome and rigid. On the other hand, according to ASTRI, the ITC has shown some flexibility by allowing ASTRI to get an average of 10% from a number of projects rather than a full 10% for each project. In our view, the industrial sponsorship requirement is not as unreasonable as it looks, but the problem is that the ITC's R&D funding schemes for research institutes are not so diversified as the case of the DoIT in Taiwan. As a result, in response to such institutional arrangements, the research institutes in Hong Kong tend to focus on short term-oriented development work and/or me-too projects. In order for the research institutes to have sound and balanced R&D portfolio, we suggest the ITC to provide a wider variety of R&D schemes for the research institutes; some of the schemes could still demand industrial sponsorship, while others could allow the research institutes to pursue strategic R&D even without industrial participation right from the beginning. Related to this, project management on the part of the ITC is often criticised.
There is the impression that the ITC tends not to tolerate any changes in the projects.
Outputs from the R&D projects are required to be specified beforehand, 
Conclusions and Policy Recommendations
Hong Kong has begun to step up its efforts on R&D, but much remains to be done.
Since the turn of the century, R&D schemes and R&D projects funded by the ITC have grown in number, predominately through the ITSP, under the support of the ITF.
The ITC has adopted a new three-tier structure for funding proposals under the ITSP The resource allocation of public R&D in Hong Kong is intrinsically short-term-oriented. Due to this orientation, the research institutes are deficient in their R&D portfolio and short of capital for making strategic investments. These deficiencies are compounded by the ITC's requirement of 10 % of industrial contribution basically for each project because the business sector in Hong Kong in general has a strong preference for short-term profitability. In our views, the industrial sponsorship requirement may not be as unreasonable as it looks, but the problem is that the ITC's R&D funding schemes for research institutes are not so diversified as the case of DoIT in Taiwan.
Above all, we would like to emphasis that if Hong Kong's R&D investment keeps moving at the same slow pace, Hong Kong will not become an "innovation hub" in the region. Also if the funding mechanism and institutional arrangements continue to operate based on administrative mindset, Hong Kong's innovation governance will be undermined. To solve the above problems from a long-term perspective, we suggest the Hong Kong government as a whole to follow the example set by its neighbouring economies to promulgate a Hong Kong version of "Science and Technology Basic
Law" (Chang, Liu and Yang, 2004 ) that can accelerate public R&D investment with "additionality" and the sound development of innovation governance 5 .
Taken together, our policy recommendations for public R&D in Hong Kong are itemised as follows:
(1) It is imperative for public R&D in Hong Kong to have a more balanced R&D portfolio, at least spending a certain portion of the public R&D investment on long-term strategic research that may involve new architectures and systems and business models, in which some of the Hong Kong-based firms have a role to play.
However, for this kind of R&D activity to take root in Hong Kong, particularly in the research institutes, a more flexible governance relationship between the funding agencies and the research institutes is required.
(2) The Hong Kong government should at least invest a certain portion of the public R&D expenditure in service innovation, particularly the systemic service innovation, so that Hong Kong may build strength on strength and serve as a "testbed" for brand new service innovation. In this way, Hong Kong may be able to better serve its residents as well as China by leveraging indigenous innovation and local needs, and eventually export services to China and the rest of the world.
5 With particular reference to the Japanese version (MEXT, 2008) , for example, in Article 7: "The government shall take the appropriate legislative, fiscal, financial and other necessary measures required to implement the policies with regard to the promotion of S&T"; in Article 9: "The Government shall establish a basic plan for the promotion of S&T in order to comprehensively and systematically implement policies with regard to the promotion of S&T." Such legal foundation may help gather momentum for Hong Kong to march towards an "innovation hub" in the region.
When promoting systemic service innovations, the government needs to adopt a holistic and flexible approach. This will be different from the approaches they adopt for the promotion of manufacturing-centric R&D or technology-centric initiatives.
(3) In order for the research institutes to have a sound and balanced R&D portfolio, we recommend the ITC to provide a wider variety of R&D schemes for the research institutes; some of the schemes could still demand industrial sponsorship, while others should allow the research institutes to pursue strategic R&D even without initial industrial participation.
(4) It is recommended that, following funding practices in many countries, the technology review committee should be given authority to make decisions, before reporting to the ITC for final approval. It is also essential for the ITC to reduce administrative micromanagement. For example, changes in projects up to a certain extent should be allowed and endorsed mainly by the technology review committee rather than the ITC. A close look at R&D expenditure in the business sector by industry sector suggests there is a predominant role played by the service industry. As shown in Table A .3, in Hong Kong enterprises with R&D activities were mainly clustered in two broadly-defined industry sectors, namely, (1) the wholesale, retail and import and export trades, restaurants and hotels sector; and (2) the financing, insurance, real estate and business services sector. These two sectors contributed to 58% and 24% of the total R&D expenditure of the business sector respectively, followed at a distance by the manufacturing industry (6%). However, an extra part of R&D for manufacturing may be hidden in the wholesale, retail and import and export trades, restaurants and hotels sector because R&D activities in this sector are predominantly performed by trading firms with sub-contract processing arrangement. "This apparent peculiarity was in fact a feature in Hong Kong where many establishments previously engaged in manufacturing relocated their labour-intensive manufacturing processes to the mainland of China through sub-contract processing arrangement, leaving in Hong Kong only the higher value added activities like product design and R&D" (HKCSD, 2008b, p.FA8) . As for the financing, insurance, real estate and business services sector, R&D activities undertaken by the constituent firms were mainly related to information technology" (see Table A .4 by this sector in R&D outsourcing, with its size accounting for more than half the total business R&D expenditure. The wholesale, retail and import and export trades, restaurants and hotels sector as a whole not only was involved substantially in R&D outsourcing but also spent 93.9% of the total expenditure for outsourced R&D activities (HK$ 2,442.5 million) to parties outside Hong Kong (see Table A .5 ). This type of R&D outsourcing also accounted for about 74.8% of the total expenditure for outsourced R&D activities by the financing, insurance, real estate and business services sector, the second largest R&D performing business sector. Table A.6 goes further to show the geographical and organizational patterns of the performing parties of the outsourced R&D concerned. It is apparent that an intra-corporate cross-border network, especially within the PRD Economic Zone, is the dominant type of R&D outsourcing to be adopted by the Hong Kong-based firms/establishments. This is consistent with the above-mentioned significance of Hong Kong-based trading firms with sub-contract processing arrangement in the wholesale, retail and import and export trades, restaurants and hotels sector.
In terms of R&D cooperation arrangements, the geographical and organizational patterns of the performing parties are somewhat different. Public technology support organizations in Hong Kong, such as ASTRI and Hong Kong Productivity Council (HKPC) seem to play a more active role in the Hong Kong-based firms' R&D cooperation arrangements than the case of R&D outsourcing. According to the survey mentioned above, out of 1,339 establishments with R&D cooperation arrangements, 
